Reactions of [TaCp*Cl 4 
Introduction
Interest in the synthesis and isolation of transition metal imido [1] complexes was prompted by the use of imido substituents as 'protecting ligands' in many early transition metal alkylidene complexes, extensively applied as catalysts in olefin metathesis [2] and ring-opening metathesis polymerization [3] processes. However, the imido group is not only an unreactive spectator ligand but a highly nucleophilic center which can react with metal coordinated unsaturated molecules to which the imido group is easily transferred. This reaction is the basis for many catalytic and stoichiometric processes [4] of great interest in organic synthesis using imido complexes of the late and early transition metals. Trapping reactions of the imidozirconocene complex [(h 5 -C 5 H 5 ) 2 Zr(N t Bu)], its reactions with isocyanides and isobutylene oxide and many applications in the metathesis of ketones, imines, isocyanates, [2+ 2] cycloadditions of olefins and alkynes and [2+ 3] cycloadditions of azides have been extensively reported [5] . Studies with related molybdenum complexes have also been reported for the methathesis of carbodiimides and isocyanates [6a,b] and more recently for the catalytic metathesis of imines [6c,d] , trying to avoid competing dimerization processes that would deactivate the zirconium catalyst or high concentrations of imine that would inhibit it. Imido titanium [7] and zirconium [5c,8] complexes have been shown to activate the carbon-hydrogen bond of hydrocarbons. Fewer studies have been reported for [2+ 2] cycloaddition or carbon-hydrogen bond activation reactions of imido vanadium [9] [10] and tantalum [11] 
Results and discussion

Synthesis of imido complexes
We were looking for a convenient method to prepare a series of chloro-amido imidotantalum complexes avoiding the method used to isolate [TaCp*Cl 2 (N t Bu)] [13] , which is rather tedious when bulk quantities of this product are required. We decided to go in the reverse direction starting from the totally amidated compound and exchanging amido for chloro substituents [14] . The presence of the amido and imido groups in compounds 1-3 can be easily assigned from the 13 C-NMR resonance due to the quaternary carbon of the t Bu group, which was observed at ca. l 55 for the amido NH t Bu and at ca. l 65 for the imido N t Bu groups. Moreover, the 1 H-NMR spectra showed the resonance due to the amido proton for 2 and 3 at l 5.64 and l 3.01 (two protons) respectively, indicating a higher p-bonding contribution from the amido group in 2 with its more electronegative chloro substituent.
All of the complexes 1-3 were thermally stable and water sensitive although they could be stored unaltered for long periods under an inert atmosphere. 1 H-NMR spectroscopy. In the presence of three equivalents excess of the isocyanide, the diimide is reductively eliminated to give the final 18-electron tantalum(III) complex. The same reaction using one equivalent of the isocyanide in the presence of three equivalents of other ligands (THF, PMe 3 ) or using less than three equivalents of isocyanide gave mixtures containing varying amounts of the unreacted starting complex and final products. No reaction was observed when the starting complex 1a was added to a solution containing the tantalum(III) complex. Carbodiimides have also been synthesized by coupling isocyanates with elimination of CO 2 , using phosphine oxides [18] and imido vanadium [10] or tungsten [6a] compounds as catalysts.
Reactions with isocyanides
The aryl imido complex [TaCp*Cl 2 {N(2,6-Me 2 -C 6 H 3 )}] (1b), which has a much less nucleophilic imido nitrogen atom due to the aromatic aryl substituent, did not react with any of the isocyanide ligands, probably also due to the protecting bulkier aryl group which hinders an interaction with the vacant metal orbital
The chemical behavior of complexes 1a and 1b was also studied in reactions with CO and RCN (R= Me, Ph). No reaction was observed after heating benzene-d 6 solutions of both complexes in sealed tubes at 240°C for several hours, the unchanged starting reagents being recovered.
Reactions with benzaldehyde (PhCHO)
Both imido complexes 1a and 1b reacted with one equivalent of PhCHO to give the [2+2] cycloaddition [19] products, which could not be detected in solution as they were rapidly transformed by elimination of imine PhCH NR (R= t Bu [20] , 2,6-Me 2 C 6 H 3 (6)) and transfer of the oxo group to the metal (Scheme 2 The reaction of a C 6 D 6 solution of complex 1a with one equivalent of PhCH NPh was monitored in a sealed NMR tube by 1 H-NMR spectroscopy (Scheme 2). No reaction was observed at room temperature, and there was a very slow reaction on heating to 165°C which was complete after 4 days. The resulting 1 H-NMR spectrum showed characteristic resonances due to the known [17] imido complex [TaCp*Cl 2 (NPh)] and the reported N-benzylidenetert-butylamine PhCH N t Bu [20] . It follows that the reaction comprised exchange of a more-donating by a less-donating Ta NR imido group through [2 + 2] cycloaddition of the starting imine, leading to the intermediate formation of a 2,4-diazametallacyclobutane [5d,e,6c,d], which could not be observed. When excess N-benzylideneaniline was used, the reaction was complete at 120 and 100°C when the molar ratios were 1/7 and 1/30, respectively.
The temperature and time required to complete the exchange reaction decreased (100°C, 48 h) when CDCl 3 Reaction of complex 1a containing the more-basic N t Bu imido group with the less basic RNH 2 amine at 135°C for 8 days resulted in a similar exchange [26] with elimination of the more basic t BuNH 2 amine to give complex [TaCp*Cl 2 {N(2,6-Me 2 C 6 H 3 )}] (1b), containing the less basic imido substituent (see Scheme 2).
C-H bond acti6ation reactions
The formally 16-electron imido complexes 1a and 1b cannot activate C-H bonds. However, the methyl derivative [ The new m-and p-toluoyl complexes were obtained as an unresolvable mixture containing 8a/8b in a molar ratio of ca. 1/4, deduced from the relative intensity of the methyl and ring proton signals observed in its 1 H-NMR spectrum in C 6 D 6 . The presence of the corresponding o-toluoyl complex was not observed.
The 1 H-NMR spectrum of the aryl complex 7 shows the amido proton resonance at l 5.71, whereas two resonances were observed at l 5.59 and l 5.60 for 8a and 8b, respectively, and a unique w(NH) IR absorption appeared at 3320 cm − 1 . The 13 C-NMR spectra of the aryl complexes 7-8 show the expected resonances due to the quaternary t Bu carbon of the amido and imido groups at ca. l 55 and l 65, respectively, and the signal due to the tantalum bound C ipso between l 181.3 and l 185.9.
Conclusions
The imido tantalum complex [TaCp*Cl 2 . This reactivity is lower than that found for related more-electrophilic tantalum complexes.
Experimental
General methods
All manipulations were performed under inert atmosphere of argon using standard Schlenk techniques or a dry box. Solvents used were previously dried and freshly distilled under argon: tetrahydrofuran (THF) from sodium benzophenone ketyl; toluene from sodium; hexane and pentane from sodium-potassium alloy. Unless otherwise stated, reagents were obtained from commercial sources and used as received. Thermal reactions were carried out in a Roth autoclave with a regulated temperature between 20 and 300°C.
IR spectra were recorded in KBr pellets, over the range 4000-200 cm − 1 on a Perkin-Elmer 583 spectrophotometer.
1 H-and 13 C-NMR spectra were recorded on a Varian Unity VXR-300. Chemical shifts, in ppm, are measured relative to residual 1 H and 13 C resonances of solvents: 7. 15 ( 1 H, C 6 D 6 ), 7.24 ( 1 H, CDCl 3 ), and 128.0 ( 13 C, C 6 D 6 ) and 77.0 ( 13 C, CDCl 3 ), and coupling constants are in Hz. C, H and N analyses for all new compounds were carried out with a PerkinElmer 240 C microanalyzer.
Synthesis of
A solution of LiNH t Bu (1.19 g, 15.06 mmol) in Et 2 O (40 ml) was added slowly at room temperature (r.t.) to a suspension of [TaCp*Cl 4 ] (3.00 g, 6.55 mmol) in Et 2 O (30 ml) and the mixture was stirred for 12 h. SiClMe 3 (one equivalent) was then added and after 12 h of stirring the solvent was removed under vacuum and the residue was extracted into hexane (2× 50 ml). The solution was filtered and the volatiles were removed to yield 1a as a yellow oil (2.16 g, 72% 3 126.2, 127.5, 133.7, 135.2, 138.3,141.3, 142.2,  181.3, 185.8 (MeC 6 H 4 ) . Anal. Calc. for C 24 H 39 N 2 Ta: C, 54.54; H, 7.51; N, 5.09. Found: C, 54.80; H, 7.48; N, 5.00%.
